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ABSTRACT 


As one of researches to clarify the taxonomic status of roe deer from Jeju island 
(C. pygargus tianschanicus), we analyzed partial sequences of mtDNA cytochrome 
b gene from six roe deers at Jeju island in Korea. Maximum nucleotide Tamura & 
Nei’s distance among three haplotypes was 0.005, and this distance was compara- 
ble to the diversity within other roe deer subspecies: it is suggested that roe deers 
from the mainland dispersed rarely to Jejudo Island, although further analyses are 
ne-cessary to decide whether or not it was occurred by human introduction. Further- 
more, nucleotide distance between cytochrome b sequences of roe deers from Jeju 
(C. pygargus tianschanicus) and the sequence of roe deer from west Siberia (C. p. 
pygargus), obtained from GenBank, was average 0.013, and it is suggested that C. 
p. tianschanicus diverged from C. p. pygargus of west Siberia 0.65 Myr ago. 
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INTRODUCTION 


Mitochondrial (mt) DNA is a highly sensitive marker suitable for studies of closely related taxa or 
populations of a variety of species because of its fast rate of evolution and characteristic maternal 
inheritance (Wilson et al., 1985), and mtDNA analysis has also helped phylogenetic studies of Arti- 
odactyla (Gatesy et al., 1992; Miyamoto et al., 1993). In particular, mtDNA cytochrome b gene 
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has been used extensively to study variation in mammals (Irwin et al., 1991). Moreover, the mole- 
cular data make it possible to estimate the time of divergence of the subspecies: it is generally esti- 
mated that the rate of nucleotide substitution in animal mitochondrial genomes is 2% per Myr bas- 
ed on RFLP studies (Brown et al., 1979). 

The taxonomy of genus Capreolus is not settled in species and subspecies levels. Ellerman and 
Morriscot (1951) summarized Eurasian roe deer into one species with three subspecies, C. c. capre- 
olus, C. c. pygargus, and C. c. bedfordi including manchuricus, melanotis, and ochracea. Soko- 
lov and Gromov (1990), however, concluded by morphological study that genus Capreolus includes 
2 contemporary species (European C. capreolus and Siberian C. pygargus), and Danilkin (1996) al- 
so described roe deer into two species. Randi et al. (1997) confirmed that C. capreolus from west 
Europe is distinct from C. pygargus from east Europe and Asia in their mtDNA control region 
comparisons. 

Sokolov and Gromov (1990) stated that the Siberian roe deer are represented by three distinctive 
subspecies (C. p. pygargus, C. p. tianschanicus, and C. p. manchuricus), but Danilkin (1996) re- 
cognized only two subspecies (C. p. pygargus and C. p. tianschanicus). 

In this study, we analyzed mtDNA sequences of cytochrome b gene of six roe deers from Jejudo 
Island in Korea (C. p. tianschanicus) both to investigate the level of genetic diversity among them 
and to describe phylogenetic relationships with other subspecies of C. pygargus. 


MATERIALS AND METHODS 


Sample collection 
Six specimens of roe deer (Capreolus pygargus tianschanicus) were collected from Jejudo Island 
in Korea, and muscles were kept in a deep-freezer. 


DNA isolation, PCR amplification, and sequencing 

From muscle samples, total cellular DNA was extracted (Hillis et al., 1996). 500 ul of STE buffer 
(0.1 M NaCl, 10 mM Tris-HCl, 1 mM EDTA, pH 8.0), 25 ul of 10 mg/ml stock of proteinase K, 
and 25 ul of 20% SDS were added into a micro tube containing minced tissue. It was incubated at 
55°C for 2h, and DNA was extracted with equal volume of PCI and chloroform, and then was pre- 
cipitated with 2 vols. ethyl alcohol. After adding RNase A(10 mg/ml), the solution was incubated at 
37°C for 2h, and DNA was extracted again. 

The cytochrome b gene was PCR-amplified using primers L14724 (5’°-GAT ATG AAA AAC 
CAT CGT TG-3’) and H15149 (5’-CTC AGA ATG ATA TTT GTC CTC A-3’) designed by Irwin 
et al. (1991). PCR thermal cycle was as follows : 94°C for 5 min; 94°C for 1 min, 57°C for 1 
min, 72°C for 1 min (32 cycles) ; 72°C for 5 min. 

To remove primer and unincorporated nucleotides, amplified product was purified using DNA 
PrepMate™ kit with silica-based matrix (Bioneer Co.), which is very effective for the extraction of 
solid phase DNA and for rapid extraction of high-purified DNA. 

For sequencing, the purified PCR products were analyzed with auto-sequencing machine in 
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Data analysis 

Partial sequences of the mitochondrial cytochrome b gene from Jeju roe deer (Capreolus pygar- 
gus tianschanicus) were obtained, and it was compared with the sequences of C. p. pygargus from 
Kurgan of west Siberia and C. c. capreolus from west Europe obtained from GenBank (accession 
number AJ000025 and Y14951, respectively). 

Nucleotide pair-wise distance and Tamura & Nei’s distance (Tamura and Nei, 1993) were calcu- 
lated and phylogenetic tree was constructed by neighbor-joining method by MEGA (version 1.01). 


RESULTS 


We obtained 391 bp of sequence for a portion of mtDNA cytochrome b gene from six roe deers 
from Jejudo Island in Korea (C. p. tianschanicus), and three haplotypes were revealed, as shown in 
Fig. 1: two additional haplotypes of mitochondrial DNA cytochrome b sequences in two species of 
genus Capreolus are also given (CPT1, CPT2, and CPT3 are C. p. tianschanicus from Jeju island, 
Korea; CPP, C. p. pygargus from Kurgan of west Siberia; CCC, C. c. capreolus from west Europe). 
Sequences of roe deer from Korea are resulted from this study, and sequences of roe deers from 
Kurgan and west Europe were obtained from GenBank (accession number AJ000025 and 
Y14951, respectively). 

Nucleotide Tamura & Nei’s distances among five haplotypes of mtDNA cytochrome b sequences 
in Capreolus are given in Table 1. Maximum nucleotide Tamura & Nei’s distance among three cy- 
tochrome b gene haplotypes of C. p. tianschanicus from Jejudo Island is 0.005, and the nucleotide 
distance between those of Jeju and Kurgan roe deer was average 0.013. 

Phylogenetic tree among five haplotypes of mtDNA cytochrome b sequences in Capreolus by 
Neighbor-joining method is shown in Fig. 2. C. p. tianschanicus from Jejudo Island, Korea, is differ- 
ent from C. p. pygargus from Kurgan of west Siberia and C. c. capreolus from west Europe as well. 


Table 1. Nucleotide Tamura & Neis distances among five haplotypes of mtDNA cytochrome b gene in two 
species of Capreolus (haplotypes are labeled as in Fig. 1) 


Haplotypes CPT1 CPT2 CPT3 CPP 

CPT2 0.005 

CPT3 0.003 0.003 

CPP 0.016 0.010 0.013 

CCC 0.040 0.034 0.037 0.034 
DISCUSSION 


In the mtDNA control region sequence analyses with roe deers, 13 samples of the endemic Itali- 
an subspecies Capreolus. c. italicus were monomorphic, but four and two haplotypes were reveal- 
ed in five samples from the Kurgan region (C. pygargus pygarhus) and in four samples from the 
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TGACCAATAT CCGAAAAACT CATCCACTAA TAAAAATTGT AAATAACGCA 50 


ek eeseeen cneneeeeee a OS Ge auc sca teres Benet 


GCCTATATTA TGGATCTTAC ACTTTTCTAG AGACATGAAA CATTGGAGTA 350 


Fig. 1. Sequences of mitochondrial DNA 
cytochrome b genes among two species of 
genus Capreolus. CPT1, CPT2, and 
CPT3 are haplotypes of C. pygargus tian- 
schanicus from Jejudo Island, Korea; CPP, 
C. p. pygargus from Kurgan, west Si- 
beria; and CCC, C. c. capreolus from 
west Europe. Total number of sequences 
analyzed are 391 base pairs. Sequences of 
roe deer from Korea are resulted from this 
study, and sequences of roe deer from 
Kurgan and west Europe are obtained 
from GenBank (accession numbers Ad 
000025 and Y14951, respectively). 
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Fig. 2. Phylogenetic tree among five haplotypes of cytochrome b gene from two species of Capreolus. 
Neighbor-joining method was used with nucleotide Tamura & Nei’s distances of mitochondrial cytochrome b 


sequences given in Table 1. Haplotypes are labeled as in Fig. 1. 


Amur region (C. p. tianschanicus), respectively (Randi et al., 1997). Moreover, maximum nucleotide 
Tamura & Nei’s distance among four haplotypes of roe deers from Kurgan was 0.0089, and that 
among two haplotypes of roe deers from Amur was 0.0030. In these analyses of mtDNA cytochro- 
me b gene with six samples of C. p. tianschanicus from Jejudo Island, three haplotypes were 
recog-nized (see Fig. 1) and maximum nucleotide distance was 0.0050 (see Table 1). The control 
region may evolve faster than cytochrome b gene (Brown, 1985), and it was revealed that this 
distance was comparable to the diversity within other roe deer subspecies. 

Morevoer, it is concluded that roe deers from Jejudo Island have considerable genetic variation in- 
spite of their geographical isolation within the island. Jejudo Island is the largest continental island 
in the Korean peninsula and it was formed by a series of volcanic activities at the end of the 
Tertiary (Park, 1985). It was connected to the mainland during the Pleistocene and separated again 
around 10,000 years ago as other continental islands, as noted by Wilcox (1978). It is suggested 
that roe deers from the mainland dispersed rarely to Jejudo Island, although further analyses are 
necessary to decide whether or not it was occurred by human introduction. 

Mitochondrial DNA cytochrome b divergence between Siberian and European roe deer is about 
0.04 (Randi et al., 1997). In this study nucleotide distance between cytochrome b sequences of roe 
deers from Jeju (C. pygargus tianschanicus) and that of roe deer from west Europe (C. c. capreo- 
lus) was 0.037 (see Table 1). 

The taxonomy of C. pygargus in subspecies level is still in confusion. Sokolov and Gromov 
(1990) stated that the Siberian roe deer are represented by three distinctive subspecies [C. p. 
pygargus from west and part of east Siberia, C. p. tianschanicus from Tien-Shan, and C. p. 
manchuricus (= bedfordi) from far east Asia including Korea]. Danilkin (1996) recognized only two 
subspecies in C. pygargus (C. p. pygargus from west and part of east Siberia and C. p. 
tianschanicus from Tien-Shan, and east Asia including Korea). 

A subspecies is an aggregate of phenotypically similar populations of a species differing 
taxonomically from other populations of that species (Mayr and Ashlock, 1991). And it was 
advocated that a classification should be the product of all available characters distributed as widely 
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and evenly as possible over the organisms studied (Huelsenbeck et al., 1996). Fandos and Reig 
(1993) and Aragon et al. (1998) stated that morphometric characters can not be used without 
caution in taxonomic researches with roe deers at subspecies level. 

Randi et al. (1997) stated that west Siberian (Kurgan region) roe deer (C. p. pygargus) is distinct 
from east Siberian (Amur region) ones (C. p. tianschanicus) by mtDNA control region sequences. 
In this study based on mtDNA cytochrome b sequences (Fig. 2), it was revealed that Korean roe 
deer (C. p. tianschanicus) is different from roe deer of Kurgan region in west Siberia (C. p. pygarg- 
us). It is confirmed that roe deer from Korea is C. p. tianschanicus, and it differed from C. p. py- 
gargus. 

Cytochrome b sequences diverged at a rate of 0.02 nucleotide distances/Myr in ungulates (Randi 
et al., 1996). In this study, nucleotide distance between cytochrome b sequences of roe deers from 
Jejudo Island and that of roe deer from west Siberia was average 0.013 (Table 1). It is suggested 
that roe deers from Jejudo Island (C. p. tianschanicus) diverged from roe deers in Kurgan, west 
Siberia (C. p. pygargus) 0.65 Myr ago, although Randi et al. (1997) noted by mtDNA control 
region sequence analysis that the divergence between C. p. tianschanicus from Amur and C. p. 
pygargus from Kurgan occurred 0.37-0.19 Myr ago. 

Barclay (1935) recognized roe deers from Korea as C. p. ochracea. Tate (1947) described that 
Manchurian roe deer (C. c. bedfordi; type locailty of Cichuwan) included subspecies mantschuricus 
in north east China and ochracea in Korea. Moreover, Ellerman and Morrison-Scott (1951) stated 
that subspecies mantschuricus, melanotis, and ochracea are the synonym of C. p. bedfordi from 
Jeju (Quelpart island), the Korean peninsula, China, Mongol, and south east Siberia. Heptner et al. 
(1961) noted that roe deers from Korea, north east China and nearby Russia is C. c. bedfordi, and 
that mantschuricus and ochracea are the synonym of C. p. bedfordi. 

Under the present classification, the subspecies name of Korean roe deer is tianschanicus, but it 
was classified as one of three subspecies (bedfordi, mantschuricus, and ochracea). Therefore, 
specimens from the Korean peninsula and other areas of east Asia, especially Tien-Shan, are 
needed for further molecular systematic analyses to clarify the subspecies classfication of Siberia 


roe deer, C. pygargus. 
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ase] deal AAE Be F (Capreolus pygargus tianschanicus 


Satunin)2] 0] 2#=z]°o} DNA cytochrome b FAAS) GA% 


AFEN xF (C. pygargus tianschanicus)9 2HYA AAS mB AF 
dal AHL, 44) AFEA AJA Creo] KF EEES ALA 
mtDNA $] cytochrome b FARAJ FEAA AAAA SAS sac. YAA 
A] haplotypeZt2} nucleotide Tamura & Neis distance Aq 0.00524, & 
Sal GE 4 dai GYR yrs AEA. Ca AFEA ka 
cytochrome b Y7) A AE} GenBank y Ae A ANAY aal HSC 
p. pygargus% cytochrome b Y7] 837}9] nucleotide distance BZ 0.0134 
2, C. p. tianschanicus= 6534 AA A Algo} AGS] F79 C. p. 


pygargus ùN JAAS ALE yaaq. 


